of Eocene in age.
The 
INTRODUCTION
There are many petrological contribu tions to the differentiation of basaltic mag mas such as Skaergaard Intrusion (Wager and Deer, 1939), Palisade Diabase (Walker, 1940) , Stillwater Complex (Hess, 1960), Black Jack Sill (Wilkinson, 1957 (Wilkinson, , 1958 and Guadalupe Igneous Complex (Best, 1963 (Best, , 1967 . These studies are necessary not only for the determination of the process of soli dification, but also for the estimation of initial petrochemical condition of the intrud ed magma. The Skaergaard Intrusion, the Palisade Diabase and the Balck Jack Sill represent the products of high alumina basalt magma, tholeiite basalt magma and alkali olivine basalt magma, respectively.
The contributions to the differentiation of basaltic magmas in the Japanese Islands and in the related islands include those of Morotu Igneous Complex (Yagi, 1953 For the identification of the rock types of the differentiated igneous complex, pre sence or absence of pigeonite is an import ant indicator. In the tholeiitic intrusive complex as the Palisade Diabase and the Stillwater Igneous complex, pigeonite is present, whereas in the alkalic intrusive complex such as the Black Jack Sill, pigeo nite is quite lacking. On the other hand, Kushiro found pigeonite in the Atumi alkali olivine dolerite and the present writer ob served inverted pigeonite in the Sanogawa Gabbro-Diorite Complex, which belongs to calc-alkali rock. (Manuscript received, March 21, 1972) These petrochemical and mineralogical characters suggest that the physical condi tions of the magmas are independent from the chemical nature of the original magma; in other words, a magma of certain chemi cal composition does not necessarily crystal lize at a certain definite temperature or pressure.
To investigate this problem, it is highly significant to study the gabbroic complex in which pigeonite does not appear. Since the Murotomisaki complex appears to be long to this type, studies on this gabbroic complex have been done in detail.
A geologic map of the Murotohanto Peninsula was prepared by Suzuki (1930) , who described the rocks of the igneous com plex of Murotomisaki as uniform gabbroic rock. In 1946, when earthquake attacked the Nankai district, the Cape Murotomisaki showed upheaval of 3 to 4 metres, and in consequence, field observation along the continuous exposure of the complex came to be possible. After this upheaval, Yoshi zawa (1953, 1954) investigated the complex in optical and petrochemical respects. In these papers, he concluded the Murotomi saki complex to belong to the calc-alkali rock series (hypersthenic rock series defined by Kuno, 1950) , on the basis of presence of hypersthene and absence of pigeonite, also on the basis of chemical properties in the AFM diagram (K2O+Na2O-FeO+Fe2Oa MgO diagram).
The present writer studied the same igneous complex and reached a different conclusion. 3. PETROGRAPHY
1. General profile of the complex The Murotomisaki complex is exposed at the extreme point of the Cape Muroto (Murotomisaki) as inclined sheet with maxi mum thickness of 230 metres. It tapers northeastwards. The country rocks of this intrusive sheet include shale-sandstone al ternation, slate, arkose sandstone and con glomerate. All the contacts between the complex and surrounding rocks are knife sharp and the marginal rocks of the complex exhibit the characteristic feature of rapid cooling of the intruded magma. Distribu tion of different rock types in the complex show the zonal arrangement parallel to the contact plane, and almost continuous out crops from lower to upper contact are ob served.
The principal rock types of the com plex from the lower to the upper part are as follows: chilled marginal dolerite, basaltic dike (branch of chilled marginal dolerite), picrite gabbro, fine-grained hypersthene bearing olivine augite gabbro, medium grained hypersthene bearing olivine augite gabbro, augite gabbro pegmatite and ferro gabbro. The term "picrite gabbro" is used in this paper for the fine-grained hypers thene bearing olivine augite gabbro, in which modal olivine occupies nearly 30%. "Fine -grained hypersthene bearing olivine augite gabbro" is for rocks without any significant variation of modal minerals in handspecimen, while "medium-grained hy persthene bearing olivine augite gabbro" is for rocks with remarkable variation as com positional bandings. The former is charac teristic to the lower part of the sheet, where as the latter to the middle part. "Ferro gabbro" is used for rocks with olivine and augite, both of which are enriched in iron. Plagioclase with considerable amounts of ilmenite and magnetite are also character istic to this rock type.
Country rocks
The country rocks of the complex with in about 20m from the contact are very much hardened like hornfels, and composed essentially of plagioclase, quartz and alkali feldspar with small amount of chlorite and sericite. There are many reddish brown lenses reaching 20cm in size, concentrated with jaroisite, pyrite, hematite and magne tite. Near the contact, pseudomorphs of hypersthene and cordierite are observed. At some parts of the contact, the country rocks of arkose sandstone origin exhibits granitic fabric under the micro scope, and at the northeastern end of Bisha goiwa, some portion of country rocks intrud ed into the chilled margin of the complex as small dikes of 20cm in width (Fig. 5) . A quartz-feldspathic white vein parallel to the contact boundary is observed at the chilled marginal part of the Kobishagoiwa. This vein may reach 10 metres in extension and 30 centimetres in width. Chemical composition of this vein is given in Table 1 . This rock is composed essentially of norma tive quartz and feldspar (An19.4Ab67.8Or12.8) with small amount of normative corundum. Since this composition is quite different from those of ordinary other differentiation pro ducts of this complex, this rock is thought to have been formed by the mechanical mobilization and partial melting of the country rock by the heat supplied from the intruded magma. pies the southeastern part of the complex (lower part of the sheet) for 20m in thick ness. This part shows pale greenish appea rance. The main constituents of this picrite gabbro are olivine, augite, plagioclase and ilmenite with small amounts of hypersthene and chlorite. Because of the intervenig sheared zone between the chilled margin and the picrite gabbro. The relation between them is not observed in this portion, but continuous, gradational relation is observed at the Maruyama differentiated gabbroic complex, which locates at the seashore 6 km northeast of Murotomisaki. The same relation is, therefore, expected in this com plex, After the investigation about variation of modal abundance of olivine in both sides of the intervening sheared zone, a rock with the maximum modal abundance of olivine is surmised to be present at the central part of the dissected sheared zone. Tabular pla gioclase crystals are arranged parallel to the lower contact plane.
Fine-grained hypersthene-bearing olivine augite gabbro
The picrite gabbro shows a decrease of olivine content apart from the marginal part, and the rock changes gradually to fine grained hypersthene bearing olivine augite gabbro. This rock contains about 20 volume % of olivine, and plagioclase crystals are arranged parallel to the boundary of the complex. Augite forms many large clots of about 4cm in diameter. In these clots a large number of olivine and plagioclase grains are involved. A very small amounts of hypersthene is observed in the interstices as rim of olivine or in the altered part of olivine. 
Wavy pegmatitic vein
At the lower part of the medium grained hypersthene-bearing olivine augite gabbro, many small pegmatitic veins of wavy structure are observed (Fig. 9, 10 ). It's wave length is from 0.3 to 1.0m. Petrographical and mineralogical characters of this wavy pegmatitic veins are complete ly the same as those of olivine augite gabbro pegmatite. But the veins are found exclu sively in the lower part of part of the medium grained gabbro, and closely associa ted with the compositional bandings.
Judging from the several sections of these structures in the field, those wavy veinlets would have a disk like form. The upper part is composed essentially of plagio clase, while the lower part is principally composed of olivine and augite. They were formed as closed system of residual liquid in the medium grained-gabbro. This system is considered to be a product of later stage of solidifiction of the magma, because there are many independent and isolated wavy veins apart only several tens centimetres from the neighbouring one. 9. Olivine augite gabbro pegmatite vein This rock occupies the central part of the differentiated complex as veins, the width of which is from 0.2 to 2.0m, or as pockets of several metres across. These veins run in NE-SW direction without ex ception, that is, they are parallel to the contact plane of the intrusive complex. The maximum length of these veins may reach 20m.
In most cases, it is within 10m. Their three dimensional perspective views observed at the Murotomisaki complex indi cate that they have a form of a centre-thick Foliation of plagioclase is characteristic in the upper part of the vein for 5 to 10cm.
( Fig.10-2) , showing parallel direction to the extension of the vein. Plagioclase from this narrow foliated part shows weak zoning while mafic minerals therefrom exhibit mostly of alteration by hydrothermal reaction. Lar ge plagioclase crystals reaching 5 cm in length are found to be arranged vertically to the elongation of the vein (Fig. 10-3) . Mafic minerals as olivine, augite and ilmenite are concentrated in the lower part of the vein with a little amount of sodic plagio clase ( Fig. 10-4 The principal minerals of the complex are olivine, augite, plagioclase (labradorite to andesine), ilmenite and magnetite with small amounts of orthopyroxene (bronzite to hypersthene) and hornblendes (brown common hornblende and green common horn blende). In some places, actinolitic horn blende is one of the principal constituents.
A very small amount of biotite is present in the chilled margin and in the ferrogabbro which is a product of the latest stage.
The accessory minerals are serpentine, chlorite, actinolite, prehnite, calcite, apa tite, pyrrhotite and pyrite. The mineral paragenesis and modal abundance of con stituting minerals of the complex are sum marized in Fig. 27 and in Fig. 28 .
As far as exmained, pigeonite is not found and orthopyroxene is rare and not so petrologically significant if present as stated later. Plagioclases are fairly variable in compositions ranging from An70 to An30. Quartz seems to be absent even in the product of the latest stage, but it is found along joint planes of some gabbros or it is found as veinlets probably of country rock origin.
One of the most characteristic features of the mineral paragenesis is the disap pearance of olivine in augite gabbro pegmatite and reappearance in ferrogabbro of the latest stage product. Another characteristic is the appearance of consider able amount of magnetite in gabbro pegma tites formed at the latest stage of soldi fication.
Olivine
The compositions of olivines were estimated by the X-ray powder method of measuring d130 value (Yoder and Sahama, 1957). The results including the most magnesian (Fo73) and the most ferroan (Fo48) are shown in Sample number correspondes to that of Table 3 ., except number 8, which is chemically unanalyzed augite from chilled marginal dolerite (T. Y. 68051903). pigeonite or inverted pigeonite is not found as far as examined. The augite exhibits idiomorphic outline in the marginal hypersthene-bearing olivine augite gabbro, whereas irregular outline in augite gabbro pegmatite.
In fine and medium-grained gabbros, separate augite grains show simultaneous extinction frequently in thin section, but do not always suggest the three-dimensional continuity of the grains. Augites from gabbro pegmatites are not so rarely idiomor phic. The maximum length is 20cm. In spite of such a large size, zoning is not observed optically. Pleochroism is remark able from pale bluish green to pale yellowish green, especially in the augite from the gabbro pegmatite of the latest formation.
Seven chemical analyses of augites from this complex are given in Table 3 . They contain low Na2+K2O (0.4-0.6 wt%), relatively low Al2O3 (0.5-4.0 wt%) and low TiO2 (0. plagioclase components (Fig. 30) . Plagio clase of picrite gabbro represents highest 6. Ilmenite and magnetite Opaque minerals of this complex were studied by reflection microscope, and X-ray diffraction patterns were used for determination of their lattice constants (Table 6 ). The most predominant opaque minerals are iron oxides, ilmenite and mag netite. They are found as independent grains, but not as pararell intergrowth of exsolution products. Ilmenite is found in all rock species without exception, while magnetite is observed only in the gabbro pegmatite of later stage. Therefore, in the early half stage of differentiation of the magma, ilmenite was the only predominant opaque mineral, whereas magnetite ap peared in the later pegmatitic stage. This characteristic mineral parageneses throw light upon the intermediate iron concentra tion in this complex. This character may have been due to intermediate Poz in the magma intruded into this region.
Pyrrhotite and chalcopyrites are found as subordinate opaque minerals in fer rogabbro. crystallized within the successive differentia tion process. The disappearance and reappearance of olivine are possibly explained in the light of the system forsterite-diopside-silica system by Kushiro and Schairer (1963) as will be discussed hereafter.
The main constitutents of this complex are olivine, augite, plagioclase, ilmenite and magnetite as described in the preceding chapters. Since, it is necessary for the in terpretation of differentiation of the magma to refer the synthetic systems including following components:
1 The last two systems, 7 and 8, cover the all ranges of the above other systems. The process of the crystallization, there fore, will be reasonably followed in the Wo -MgO-FeO(Fe2O3)-SiO2 system, by con sidering the effect of Anorthite-Albite con tent in this system.
Principal mineral parageneses of this complex are summarized as follows; A. Intrusion of magma and start of cryst allization of olivine, followed by cryst allization of plagioclase, B. Start of crystallization of augite, C. Disappearance of olivine and appearance of magnetite, D. Local crystallization of Fe-olivine.
The course of differentiation of magma is schematically shown in Fig. 48 . Chemical composition of the intruded magma locates at a point in the olivine volume in this tetrahedron (A). After the precipitation of a certain amount of olivine, magma changes its composition towards B, which is on the extension of a line connecting point Fo and point A. At point B, the magma reaches the boundary surface (cotectic surface) between olivine volume and diopsidic pyroxene volume (Ca-pyroxene volume), and starts to precipitate augite, forming olivine augite gabbro. At point C, pre cipitation of magnetite begins in this tetrahedron. On the contectic line X-Y, parallel crystallization of forsterite, diopsi de and magnetite (also with plagioclase and ilmenite in the natural system) continues, however, fractional crystallization of for sterite in large amounts result poverty of this component in the residual magma, following disappearance of olivine (C-D-E). In this case, there is a possibility of re apearance of olivine after subtraction of fairly amounts of diopsidic pyroxene (augite) from the magma at point F. For this course of crystallization, reaction of olivine with clinopyroxene is necessary. Diop-Fo-En-SiO2 phase diagram cor responds to a projection of this process on the Wo-MgO-SiO2 plane of that tetrahedron (Fig. 49) . In the Diop-Fo-En-SiO2 system, following course of crystallization is con cluded. After the precipitation of forsterite from original magma A, the residual liquid changes its composition to B. At point B, crystallization of diopsidic pyroxene begins. 
